The present study was conducted to quantify the response of chlorophyll, protein concentration and electrophoretic patterns of leaf and root soluble proteins to increasing salinity in the rooting medium of three varieties (Payam, Kimia and Jambo) of sorghum (Sorghum bicolor L.) and to evaluate the usefulness of these parameters in identifying salt-resistant varieties. This work was carried out with five concentrations of salinity (0, 50, 100, 150 and 200 mM NaCl) and two sampling time points (sampling after 15 and 30 days salt treatment) using a split-split plot design with randomized complete block layout. With increasing salinity, the K+ concentration was found to decrease and the amount of Na+ and Na+/K+ increase significantly (P≤0.05) in roots and shoots. Chlorophyll a, b, total chlorophyll concentration and leaf and root soluble protein contents decreased with increasing salinity. The electrophoretic pattern of soluble proteins of cv. Jambo showed that after 15 days NaCl (200 mM) and 30 days NaCl (100 and 150 mM) treatment, a new polypeptide of molecular weight 50 kDa was expressed.
INTRODUCTION
Sorghum (Sorghum bicolor L.) is moderately tolerant to salinity (Maas et al., 1986) and is widely grown in the semi-arid areas of east Africa on soils prone to salinity. Problems related to the agricultural systems, deficiencies of agricultural research plans, traditional agriculture, lack of agricultural knowledge and information among Third World farmers have caused irreparable damage to plant productivity in economies of these countries. Besides, salinity of soils and waters has led to development of salt marshes and caused serious problems for crops and pasturage plants. *Corresponding author. E -mail: shiran@agr.sku.ac.ir. Tel: 0098-381-4424428. Fax: 0098-381-4424428, 4424412 .
Abbreviations: PMSF, Phenylmethanesulfonylfluoride; PAGE, polyacrylamide gel electrophoresis.
Classical methods of screening for salt tolerance were based on the plant yield and are very costly and time consuming. Environmental salinity resistance in plants is recognizable through some parameters. For example, measurements of major physiological and biochemical traits, including chlorophyll content and protein concentration, can be used to monitor plant responses to salt stress (Belkhodja et al., 1994; Misra et al., 2006) . Paying attention to plant adaptation and salinity resistance mechanisms (e.g. Na + exclusion or sequestering) is one of the important steps in their selection and breeding for salt adaptation and salinity resistance (Sunseri et al.,1998) .
Crops in saline soils are faced with reductions in water absorption, insufficient nutrient availability, accumulation of toxic ions (Na + and Cl -), or K + and Ca ++ depletion in plant tissues (Salisbury and Ross, 1992) , disturbances in metabolic activity such as respiration, photosynthesis (Rowson and Munns, 1984) , altered enzyme activity Afr. J. Biotechnol. (Greenway and Osmond, 1972) and imbalance in absorbed elements. Plant species reveal many differences in sensitivity and reaction to water potential reduction that result from drought, frost, or salinity. Molecular breeding of salt-tolerant plants using either molecular markers or genetic engineering enhances their resistance to both hyper-osmotic stress and ion toxicity (Arzani, 2008; Chinnusamy et al., 2005) .
Salt-sensitive genotypes of wheat show poor capacity to regulate entry of Na + into cells, thus inhibiting downstream cellular functions (Serrano, 1996; Amtmann and Sanders, 1999; Tester and Davenport, 2003) . In addition, tissue tolerance to Na + via sequestration in the vacuolar compartment contributes to salt tolerance in phenotypes . No variation was found among wheat genotypes for unidirectional root uptake of Na + . The major differences in Na + transport between the genotypes were in the rate of transfer to the shoot (net root xylem loading) and the preferential accumulation of Na + in the leaf sheath versus the leaf blade (Davenport et al., 2005) .
Genetic analysis of a cross between durum wheat Line 149 and cv Tamaroi revealed two genes that exert a major effect on Na + exclusion . A quantitative trait locus for low Na + concentration in leaf blades was mapped to the distal region on the long arm of chromosome 2A and named Nax1. It was suggested that a second gene (Nax2), independent of Nax1, contributes to the full expression of the Na + exclusion trait (Lindsay et al., 2004) . Both Nax genes restrict the transport of Na + from roots to shoots which results in enhanced K + -Na + discrimination in the leaf blade. Nax2 has a mechanism similar to that described for Kna1 in bread wheat. The mechanism conferred by Nax1, which was characterized by the deposition of Na + in the leaf sheath, is not confined to the wheat germplasm containing the Nax1 gene. Preferential deposition of Na + in the leaf base has been described for rice (Oryza sativa), common reed (Phragmites communis; Matsushita and Matoh, 1991) and sorghum (Lacerda et al., 2003) . An equivalent of the Nax1 gene may be present in these other species.
One significant effect of salinity on plant growth occurs through changes induced in the osmotic strength of the growth medium. Plants have several mechanisms for balancing osmotic pressure changes in the root medium. Crops under saline conditions decrease the cellular osmotic potential by increasing the concentrations of free amino acids, inorganic cations and insoluble particles, accumulation of which helps to maintain the osmotic balance (Salama et al., 1994) .
Genes that are up-regulated by salt stress mainly belong to several groups‚ based on their possible functionality. These genes encode the LEA proteins‚ enzymes (involved in the biosynthesis of osmolytes‚ hormones‚ detoxification and general metabolism)‚ transporters (ion transporters‚ ABC transporters and aquaporins) and regulatory molecules such as transcription factors‚ protein kinase and phosphatases. The most common and widely reported genes that are stress-regulated are perhaps the LEA or LEA-like genes. LEA genes encode late embryogenesis abundant proteins (Dure et al., 1989) . They have been identified in many plant species. Despite their wide occurrence‚ the functions of this group of polypeptides are ill-defined except in a few cases where overexpression of individual LEA genes resulted in some degree of stress protection (Xu et al., 1996) . The finding that enhanced expression of the transcription factors regulating the expression of these LEA-like genes can increase the tolerance of transgenic plants to cold‚ drought‚ or salt stress demonstrates that these proteins do have a protective effect against abiotic stresses (Jaglo-Ottesen et al., 1998; Kasuga et al., 1999) .
The identification of specific characteristics related to salt resistance such as proteins, amino acids and specific carbohydrates will provide potential biological markers useful in the identification and genetic manipulation of salt-resistant plants and plant cells. One approach to study the molecular mechanism of the plants' reaction to salinity is to use polyacrylamide gel electrophoresis to identify differentially regulated proteins involved in the physiology of salt resistance (Zorb et al., 2004) . The aim of this study is to use protein electrophoretic profiles and some physiochemical traits to compare salt-tolerant varieties of sorghum.
MATERIALS AND METHODS
Three varieties of sorghum (S. bicolor L.), namely Payam, Kimia and Jambo, were used to identify salt-tolerant cultivars. These sorghum varieties were chosen for their commercial importance. However, the salt tolerance mechanisms of these cultivars have not been studied. Seeds of these cultivars were provided by the Karaj Seed and Plant Research Institute in Iran. Experiments were conducted in the greenhouse at Shahrekord University, Sharekord, Iran. Five concentrations of salinity (control, 50, 100, 150 and 200 mM) and two sampling time points (15 days and 30 days salt treatment) were used. Replications and sampling were arranged according to a split-split plot design with randomized complete blocks layout. Seeds were planted in a greenhouse in pots containing a peat-sand-perlite mix. Eight days after planting, the seedlings were irrigated with Hoagland nutrient solution (Hoagland and Arnon, 1959) . Application of nutrients was started at low concentrations (10%) and increased gradually to the desired level of concentration by the 10th day after planting, at which time the seedlings were treated with NaCl. Salt treatments were initiated by adding 50 mM of NaCl per liter of culture solution per day. The plants were harvested 15 and 30 days after the final salinity level was reached.
Chlorophyll measurement
Using three plant samples, chlorophyll concentration was determined from fully expanded leaves (leaf number 8). A leaf sample of 0.1 g was ground and extracted with 5 ml of 80% (v/v) acetone in the dark. The slurry was filtered and absorbencies were determined at 645 and 663 nm. Concentration of chlorophyll a (Chl. ns: Non-significant; *: significant at P = 0.05; **: significant at P = 0.01. a), chlorophyll b (Chl. b) and total chlorophyll were estimated by the equations of Hendry and Price (1993) . The total concentration of chlorophyll was obtained from the relation:
Total Chl = Chl. a + Chl. b
Measurement of Na + and K + concentration
For this measurement, 0.2 g of dried sample of leaf or root was placed in a porcelain crucible inside a furnace at 550°C for 2 h. After the samples were removed from the furnace and before they were cooled completely, 10 ml of 2 N HCl was added and the solution heated for several minutes till the ash dissolved completely. After filtering the solution with ash-less filter paper, the filtered solution volume was diluted to 100 ml with distilled water and the concentration of Na + and K + measured with a flame photometer (Genway flame photometer, model PFP-7).
Protein analysis
Soluble proteins were extracted from leaf and roots of seedlings. One gram of tissues was homogenized in 3 ml Tris-HCl buffer (0.1 M, pH 7.5) containing 1 mM phenylmethanesulfonylfluoride (PMSF), at 4°C. The homogenate was centrifuged at 18,000 x g for 30 min. Protein present in the supernatant was measured by a modification of the Bradford (1976) method using crystalline bovine albumin to establish a standard curve. This protein extract was concentrated before loading on the gel. Samples with equal protein content of 40 µg were subjected to discontinuous polyacrylamide gel electrophoresis (PAGE) under non-denaturing conditions as described by Leammli et al. (1970) with little change. Electrophoretic separation was performed at 4°C for 7 h, using 15% polyacrylamide gels. After electrophoretic separation, the gels were treated with fixing and staining solution for 3 h. The gels were then photographed and scanned using a 2202 ULTROSCAN Laser Densitometer (LKB). The leaf and root soluble protein contents under salinity stress were determined according to Bradford (1976) , using bovine serum albumin (BSA) as standard protein.
Statistical analysis
Analysis of variance (ANOVA) was performed with the statistical program Minitab (Minitab Inc; College Park, PA). Means comparisons were conducted using the least significant difference (LSD) test at 5% of probability level.
RESULTS AND DISCUSSION
Results of analysis of variance showed that salinity had significantly (P ≤ 0.01) reduced the amount of chlorophyll a, b, total chlorophyll, K + and leaf and root soluble protein concentrations and raised the Na + concentration in leaves and roots (Tables 1 and 2 ).
Chlorophyll a, b and total chlorophyll
In the present study, decreases in the contents of chlorophyll a, b and total chlorophyll were observed when the NaCl concentration in the media increased (Figure 1) . Loss of chlorophyll and leaf bleaching are often responses to stress conditions that occur due to senescence, that is, degradation and recycling of resources. The total chlorophyll content was significantly lower in the leaves of salt-treated shoots than in those of control shoots. No significant difference was observed between varieties in the amount of Chl. a at the first and second sampling time points (Figure 2) . In cv. Jambo, the content of Chl. a at 150 mM salinity concentration showed an increase compared to that in the 100 mM treatment, but further increase in salt concentration (200 mM) caused it to decrease (Figure 1 ). There were no significant differences in Chl. a among the tested genotypes. With Data represent means of 3 replications. Means followed by the same letter are not significantly different at the 5% probability level.
increase in salinity, the Chl. a content decreased uniformly in all varieties; however, an unusually high decrease was observed in Jambo at 100 mM salinity. In the investigation of two sensitive and tolerant varieties of sorghum, a considerable decrease of Chl. a was observed in a tolerant variety at 100 mM salinity (Netondo et al., 2004) . At the first sampling time point (15 days after treatment), Jambo contained the most Chl. b relative to other varieties but there were no difference between varieties in the content of total Chl. By contrast, at the time point of 30 days after treatment, Jambo and Payam contained the most Chl. b and Kimia the least; Jambo also contained the most total Chl. (Figure 2) . Results showed that Jambo contained more Chl. b and the other two varieties contained less at the 50 mM and 100 mM salinity levels, but there was no significant difference between Jambo and Payam at 50 mM salinity and among all cultivars at 150 and 200 mM salinity (Table 3) . Jambo had higher total Chl. content than other varieties at 50, 150 and 200 mM salinity but there was no significant difference among cultivars at 100 mM salinity (Table 3) .
Large increases in sodium concentration in the shoot can cause premature leaf senescence leading to reduction in biomass, productivity and yield (Munns et al., 2000) . An investigation of the effects of 50 mM NaCl on sensitive and tolerant varieties of rice reported that the total Chl concentration in both the resistant and sensitive varieties was reduced by salinity and a highly significant difference between varieties was recorded after 28 days salt treatment (Lutts et al., 1996) . When plants are subjected to environmental salt stress, the balance between the production of reactive oxygen species, that is, superoxide and hydroxyl radicals and singlet oxygen and the quenching activity of antioxidants is disturbed (Singha and Choudhuri, 1990) . Hydrogen peroxide and singlet oxygen may play an important role in the mechanism of NaCl injury in Vigna catjary and O. sativa leaves. Reactive oxygen species are known to be the main mediators of oxidative damage to various cellular components such as membrane fatty acids, proteins, nucleic acids and chlorophyll (Singha and Choudhuri, 1990; Seneratina et al., 1985) .
Na
+ and K + content and the Na + /K + ratio
There were significant differences (P ≤ 0.05) between varieties in root and shoot concentrations of Na + and Na + /K + ratio (Table 4) . At all five salinity levels, Payam contained the most Na + and Na + /K + in both roots and shoots and Jambo the least. Increasing salinity levels caused Na + and Na + /K + to increase in both roots and shoots. The increase of Na + content in sorghum due to increases in salinity had been observed previously (Igarta, 1995; Lacerda et al., 2003) . High levels of Na + in the shoot led to physiologic and osmotic problems in plants. Therefore, lower accumulation of this ion in the shoot could play a role in salinity tolerance. Lower accumulation of Na + in shoots results from either lower Na + uptake by the root, or from a reduced amount of transmission from roots to shoots (Tester and Davenport, 2003; Flowers and Yeo, 1995) . Increased Na + concentration in shoot tissues was reported to be the consequence of increasing salinity in the root medium of wheat (Santa-Maria and (Flowers and Hajibagheri, 2001 ). The absorption patterns of Na + vary in different genotypes; salt-sensitive genotypes accumulated more Na + in their shoot tissues. Under control conditions, Payam had the least Na + in the shoots and Kimia the most, but at all salinity levels Jambo accumulated the least Na + in shoots (Table 4 ). In a study of two sensitive and tolerant groups of sunflower, it was reported that the tolerant genotypes accumulated less Na + in their shoots than sensitive genotypes (Ashraf and Tufail, 1995) .
At all salinity levels, Jambo also had less Na + content in its root tissues (Table 4 ) and was lower than that of shoots. This is because compared to shoot tissues, roots accumulate less Na + . In halophytes, the Na + absorbed by roots is transferred to the shoot and consequently residual Na + in roots is lower than in other types of plants (Greenway and Munns, 1980) . Little research has been carried out on roots with regard to either salt-or water stress. Roots might seem the part of the plant most vulnerable as they are directly exposed to salt or to drying soil, but they are surprisingly robust. As shown earlier, their growth rate is not affected as much as that of shoots. Ionic status of roots is better than that of shoots; their ion concentrations do not increase with time as much as in leaves and Na + concentration is often lower than that of the external environment; this rarely happens in leaves. For example, in the roots of wheat grown in 150 mM NaCl, content of Na + was only 20 -40 mM, the variation being due to the different genotypes (Gorham et al., 1990 ).
In our study, K + was lower in roots than in shoots (Table 4) and did not make a significant contribution to root osmotic adjustment. This raises the interesting question of whether organic solutes could be used for osmotic adjustment, as K + is often lower in roots than in shoots (Gorham et al., 1990) . However, there is no evidence that organic solutes are more likely to accumulate in roots than in shoots; on the contrary, they are often lower in roots than in shoots. For example, proline and glycine betaine concentrations on a fresh weight basis were five times lower in roots than in shoots of barley grown at levels of over 100 -200 mM NaCl, even though the Na + concentration was much lower in roots than in shoots (Wyn and Storey, 1978) . Because osmotic adjustment is presumably as important for roots as for shoots, it is likely that unknown solutes are involved. Surprisingly, little is known about the metabolic regulation of osmotic pressure in relation to organic solute synthesis and compartments in response to salinity, either in shoots or in roots.
The K + concentration of roots and shoots decreased significantly (P≤0.05) by increasing salinity (Table 4) . The K + content in crops is important in salinity tolerance (Munns et al., 2000) . At both time points, Jambo had the lowest content of Na + and the lowest Na + /K + ratio and the highest content of K + in both roots and shoots (Figure 3 ). Generally, tolerant genotypes maintain higher K+ levels under salinity stress (Ashraf and Tufail, 1995) . Because of the negative effect of Na + on K + uptake and increasing salinity, rising Na + levels in plant tissues disrupt the K + status of the plant. High Na+ concentration (Lacerda et al., 2003; Renault et al., 2001) .
Based on the various concentrations of Na + and K + observed in plant tissues in saline conditions, it was suggested that motion of K + is due to its substitution with Na + in vacuoles. The three genotypes reacted differently under different salinity concentrations, but generally, reaction of Jambo was better than that of the other two varieties and so K + concentration in its roots at all salinity levels was high (Table 4) .
A survey of the genotypes at different salinity levels showed that the Na + /K + ratio increased in shoots with increasing salinity. Jambo had a lower Na + /K + ratio in shoot and root tissues at all salinity levels ( Table 4) . As in the tolerant genotypes, Na + transmission to the shoot is limited, they are more partial to uptake of K + than of Na + . In an investigation of the effects of different salinity concentrations on Na + /K + ratios of two tolerant and sensitive groups of wheat, it was observed that tolerant genotypes curtail the uptake of Na + and so their Na + /K + ratio is lower than in the sensitive genotypes (SantaMaria and Epstein, 2001; Munns et al., 2000) .
Leaf and root soluble protein concentrations
In this study, it was observed that the three plant varieties showed significant differences (P ≤ 0.05) in leaf and root soluble protein content. The cultivar Jambo had the highest soluble protein content in both shoots and roots and Kimia the least (Table 3) . Salt stress reduces protein synthesis, increases protein hydrolytic enzyme activity, decreases amino acid synthesis and interferes with tertiary and quaternary enzyme structures leading to decreases in soluble protein content (Dubey and Rani, 1989) . Increasing the salinity level caused decreases in the soluble protein content of shoots and roots, with the highest and the lowest levels found at salinity levels of 0 (control) and 200 mM, respectively (Figure 4) . Protein synthesis in plants growing in saline environments was affected negatively. In seedlings and in later stages of growth, salinity disrupts protein synthesis and could lead to proteolysis. Although salinity causes decreases in protein synthesis and increases in proteolysis in different plants, in many plants, the protein content increases under saline conditions, e.g. in budding seeds (Dubey and Rani, 1987) , seedlings (Dubey and Rani, 1989) and different parts of plants (Elsamad and Shaddad, 1997) .
At each time point and at all salinity levels, cv. Jambo had the most leaf and root soluble protein content and Payam the least (Figure 4 and 5) . This could be due to greater resistance of Jambo to salt stress. A higher soluble protein content has been observed in salt-tolerant cultivars of barley, sunflower, finger millet and rice (Ashraf and Harris, 2004) . This finding tallied with the observations of Dubey and Rani (1989) who found larger quantities of soluble proteins in seedlings of salt-tolerant rice varieties than in sensitive varieties. During the first 5 to 20 days of salt treatment, it was observed that the amount of total and soluble protein in resistant varieties of seedlings was higher than in the sensitive varieties.
Proteins that accumulate in plants under saline conditions could provide a storage form of nitrogen that is reutilized later (Singh et al., 1987) and could play a role in osmotic adjustment. They may also be synthesized de novo in response to salt stress or may be constitutively expressed at low concentration. It was concluded that a number of proteins induced by salinity are cytoplasmic and can cause alternations in cytoplasmic viscosity of the cell (Hasegawa et al., 2000) .
Influence of salinity on the soluble protein profile of root and shoot
To understand the molecular basis for mechanisms of salt tolerance in plants, it is important to identify constitutive and induced differences among genotypes, especially in those which show differential responses. Study of the leaf protein profiles of cv. Jambo showed that polypeptides with a molecular weight of 52 kDa in the 200 mM salinity solution at the first time point (sampling after 15 days salt treatment) and in the 100 to 200 mM salinity levels at the second time point (sampling after 30 days salt treatment) had disappeared. Conversely, protein bands of 50 kDa mw were observed in the 200 mM salinity solution in the first sampling and in the 100 and 150 mM salinity solution in the second sampling ( Figure 6 ). There is a difference between short exposure to salt (quick changes in gene expression that put in place an adaptation response) and longer term gene expression changes, which are due to an adaptation response. The proteins induced later are likely to be related to the adaptation response to salt. Those induced earlier are often signal transduction components (hormones, kinases, transcription factors) that are required to establish the adaptation response (Arzani, 2008) . After rice seedlings were suddenly exposed to 150 mM NaCl, the genes expressed in the roots at 15 min were different from those expressed after 1 week (Kawasaki et al., 2001) . It is likely that many genes induced soon after salt is applied are related to water stress rather than specifically to salt stress. In wheat roots, a gene expressed in the early phase of the stress response, 6 h after sudden exposure to 250 mM NaCl, was identified as a protein kinase and was induced by abscisic acid as well as by salinity (Shen et al., 2001) . Whether these changes in gene expression relate to the acclimation to long-term tolerance of salinity stress is yet to be investigated. In a sensitive line, contrary and longterm salt stresses induce senescence and cell death.
Protein bands of 50 kDa mw were observed in Kimia at salinity level of 200 mM at the first collection time point and at a salinity level of 100 mM in the second time point; intensities of the bands were similar to those of Jambo ( Figure 6 ). In Payam, this protein was not observed at any of the salinity levels. It is possible that this 50 kDa polypeptide that was expressed in Jambo at high salinity levels is a result of the expression of stress-tolerant genes and we could use it as a marker to map populations and check linkage with salt tolerance. In Mung Bean (Phaseolus aureus L.), salinity stress leads to changes in electrophoretic patterns of proteins of both shoot and root, but no protein specifically related to salinity stress was observed (Misra et al., 2006) . The present data indicate that protein expression was identical in the sorghum genotypes when stress was imposed. However, as demonstrated in this study, salinity stress elicited genotype-specific protein changes in shoots but did not detect any changes in roots (Figure 6 ). Perhaps this is because of the low total protein content of roots and consequent lack of strong and observable bands in the gel profile. In halophytes, the root is more subject to stress than the shoot and the effect of salinity on the physiological and morphological characteristics of the root in halophytes is more complex than in the shoot. This could be the reason for the sharp decrease in soluble protein concentration of the root in the investigated sorghum varieties under salinity stress. Ramagopal (1987) reported that in barley, salinity stress induced genotypespecific protein changes in shoots but not in roots.
In all three varieties, the intensity of bands in the electrophoretic pattern of roots showed decrease at the first sampling point at salinity levels of 150 and 200 mM and at the second time point at salinity levels of 100 to 200 mM; intensity of this decrease was higher at the 150 and 200 mM salinity levels ( Figure 6 ). In a study of the effects of salinity on electrophoretic patterns of root proteins in Mung Bean, it was observed that protein bands with higher molecular weights (about 100 kDa) generally disappeared or reduced in intensity and instead protein bands with low molecular weights (about 16 to 23 kDa) were induced (Misra et al., 2006) .
Under salinity stress, some of the major proteins that existed before stress disappear and new protein bands, usually of low molecular weight, are synthesized in tolerant genotypes. In this study, protein bands in Jambo with molecular weight of 52 kDa disappeared in high salt concentration and a new protein with molecular weight of 50 kDa was detected. Such changes also occurred in Kimia at lower intensity, but were not observed in Payam. In Jambo, this protein could be produced because of the expression of resistance by its genes to the salinity stress. Similar reports of specific synthesis of proteins under salt stress have been reported. A 25-kDa protein was discovered synthesized in salt-adapted cells of Citrus sinensis and was found to be associated with salt tolerance (Ben-Hayyim et al., 1993) . It has been reported that in tobacco plants, cells that had adapted to salinity increased synthesis and produced some 10 polypeptides. One of these polypeptides called osmotin was unique in tobacco cells (Singh et al., 1987) , because it was synthesized and accumulated by cells undergoing gradual osmotic adjustment to either salt or desiccation stress. Chretein et al. (1992) reported that polypeptides with molecular weights of 18, 27 and 49 kDa were synthesized in salt-adapted calli of Jojoba and were suggested as marker proteins for salt adaptation. The most obvious change concerned a protein of 22 kDa molecular weight, which manifested after exposure of radish (Raphanus sativus) to NaCl. A cDNA clone corresponding to this polypeptide was obtained and sequenced (Lopez et al., 1994) .
Polypeptides synthesized specifically under salt stress in shoot tissues of a salt-tolerant Mung Bean cultivar (T-44) were found to be missing from those of the saltsensitive cultivar SML-32 under salinity stress (Misra et al., 2006) . Similar results have been reported from barley roots (Hukman et al., 1989) in which polypeptides of 26 and 27 kDa synthesized in a salt-tolerant cultivar under salinity stress was missing from a salt-sensitive cultivar in the presence of salinity. Since the protein which was specifically synthesized under salt stress only in cultivar Jambo was absent in the cultivar Payam in the presence of salinity, this protein may be considered a marker for salt tolerance in salt-tolerant cultivar Jambo. It has been suggested that these proteins that are synthesized either specifically or at a higher rate under salt stress play an adaptive role in plants during osmotic adjustment (Singh et al., 1987; Shirata and Takagishi, 1990) , protecting the key cytoplasmic enzymes and protein synthesizing apparatus against adverse effects of high salt concentrations.
Conclusion
The chlorophyll, protein and K + contents of roots and shoots were less affected by salinity in Jambo than in other cultivars. Based on the higher amount of chlorophyll found in this variety under conditions of stress, we can relate the preferred photosynthesis and higher tissue elasticity in the shoot to the higher resistance of this variety in conditions of stress. The protein of 50 kDa mw that was expressed in Jambo at high salinity levels could be a useful marker in the studies of genetic diversity and classification of adapted cultivars. Generally, Jambo was found superior to the other two varieties in all physiological traits tested here, which influence plant growth. It seems therefore that this variety is more tolerant to salinity than the other two.
